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FOREWORD

This Technical Report describes one of three computer programs
which were developed as tools for generating parametric weight and design
data for nose fairings suitable for Saturn-class payloads. The work was
performed by Lockheed Missiles & Space Company, Huntsville Research &
Engineering Center, with support from the LMSC/Palo Alto Research
Laboratories, for the National Aeronautics and Space Administration/
Marshall Space Flight Center under Contract NAS8-15485, from July
through November 1965,

The three computer programs developed under this contract are
described in the following three reports.

1. Automated Nose Fairing Design -- Ring and Skin Construction,
LMSC Technical Report LMSC/HREC A712552, November 1965.

2. Automated Nose Fairing Design -- Ring, Skin and Stringer
Construction, LMSC Technical Report LMSC/HREC A712572,
November 1965,

3. Automated Nose Fairing Design -- Honeycomb Sandwich Con-
struction, LMSC Technical Report LMSC/HREC AT712573,
November 1965.

Many of the subroutines and the methods of specifying external geometry
and aerodynamics loads are common to all three programs.

This report describes the computer program for honeycomb sand-
wich construction. Major contributors to the development of this computer
program are B. O. Almroth of the Palo Alto Research Laboratories and
E. S. Hendrix, I. M. Landis, and Z. Adams of Huntsville Research &
Engineering Center. Appendix K of this report was written by B. O.
Almroth,, and the remainder was written by Z. Adams. :

/
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SUMMARY

The computer program described in this report synthesizes near-
optimum designs for honeycomb sandwich nose fairings with an external
geometry consisting of up to ten intersecting conical frustums (or cylinders)
capped with a spherical nose cap. The combined effects of bending moments,
axial loading due to drag, and lateral pressure are considered in performing
the design. Either standard gauges or non-standard gauges can be used for
faces and ribbons.

The main part of the report is devoted to description of the logic
followed in designing a fairing, description of the computer program, and
instructions on operation of the program. The program listing and details
of the methods of analysis used in design of fairing appear in the Appendixes.
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INTRODUCTION

The computer program described in this report synthesizes near-
optimum structural designs for ring stiffened, honeycomb sandwich nose
fairings. When the external geometry, aerodynamic loading, ring spac-
ing, and a practical set of design constraints are given, the computer pro-
gram selects a combination of honeycomb panel face thickness, core height
and ring cross-section that gives a minimum fairing weight. Provisions
have been made to use either standard or non-standard gauges of material
for faces and ribbons. The external geometry can consist of up to ten
intersecting conical frustums capped with a spherical nose cap. Figure 1
illustrates the external geometry and type of contruction.

A condensed flow chart illustrating the major logical steps per-
formed by the program is shown in Figure 2. Design begins at the base
of the fairing and moves toward the nose cap. Each bay is designed to
withstand loads imposed by the interaction of bending moments, axial
loading, lateral pressure and/or internal pressure. The combination of
face thickness, core height, ribbon thickness, cell size and ring cross-
section which results in minimum weight-to-volume ratio for a bay is
considered to be the optimum design for that bay.

The computer program consists of the main program and a number
of subroutines. The logical steps needed to design the fairing are per-
formed in the main program. Specialized and repetitive functions are
performed in the subroutines. This particular arrangement, as well as
the liberal use of comment cards, is intended to facilitate future modifica-
tions.
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TECHNICAL DISCUSSION

1.0 THE MAIN PROGRAM

1.1 Terminology and Geometric Parameters

Following are definitions of terms used in this technical discussion.
The terms are also illustrated in Figure 1.

base - the larger end of the bay, frustum or fairing

bay - the conical frustum between two rings plus the ring at
the upper end of this conical frustum

frustum - the conical frustum of fairing consisting of all bays
having the same half angle
nose cap - the spherical segment which closes the top of the

fairing.

The external geometry of the fairing is specified by the base diam-
eter of the fairing (DBAS), by the half-angle of each frustum (THTA (NF)),
and either the ratio of the top diameter of each frustum to the base diameter
of the fairing (DOVDB (NF)), or (mandatory when the frustum is a cylinder)
the length of the frustum (ALF (NF)). Frustums are numbered by index NF
starting at the base of the fairing. Frustum geometry is completely de-
scribed by the same parameters used to describe fairing geometry. Bay
geometry is described by the base diameter of the bay (DSUBB), the half
angle of the bay (THETA), and the length of the bay measured along the
axis of symmetry (ALB). Bays within a frustum are numbered by index I
starting at the base of the frustum. The outside diameter of a ring as-
sociated with a bay is equal to the top diameter of the bay. All dimensions
of the ring cross-section are expressed in terms of the material thickness
used to form the ring (see Figure 3). This thickness will be one of the
standard gauges stored in the program.

1.2 Design Logic

The major logical steps followed in designing a nose fairing are
shown in the condensed flow chart in Figure 2. In Appendix A, more de-
tailed information is provided by a program listing which includes detailed
comments describing in words the operations being performed. Definitions
of the more commonly used variable names in this listing appear in Appendix
B. The discussion which follows is supplemental to the information in the
flow chart and program listing, and in general follows the sequence of the
listing.
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1.3 Required Input Data

The following input data is required by the computer program:

1. External fairing geometry (Figure 1)
2. Design constraints
a. Minimum distance between rings, in.

b. Ring type (zee, hat, or angle), also flange and web
thickness ratios - see Figure 3.

c. Ring outstanding flange buckling stress level, psi.
3. Structural material
a.  Kind of material to be used. (Certain properties of five

materials are stored in the program. See Section 1.5
of Technical Discussion. )

b. Additional properties of sandwich face material

(1) Tensile allowable stress, psi
(2) Compressive allowable stress, psi
(3) Shear allowable stress, psi

(4) Young's modulus, psi

4. Aerodynamic data at a design point in the trajectory
a. Mach number
b. Dynamic pressure
c. Angle of attack
Difference between internal pressure of fairing and free-
stream pressure
5. Factor of safety (If no value is input, a factor of 1.4 will be
used. )
6. Program controls
a. Is pressure profile data input? If so, the type of lift data
is indicated.
b. The desired type of output is indicated. (See Section 1.13.)
7. Pressure profiie data (optional). If a pressure profile is not

input, it is computed in Subroutine AERO.

Detailed instructions on how to input this data are provided in
Section 3,
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1.4 The Pressure Profile

Whether input or computed, the system used to specify the pressure
profile in the axial direction on the section of fairing composed of conical
frustums is illustrated in Figure 4. LT is an index indicating station num-
ber, starting with the first station at the junction of the nose cap and top
frustum. Uniform spacing between stations is not necessary. Two stations
must be located at each intersection of the conical frustums. Where dis-
continuities in the pressure profile exist, two stations can be indicated for
the same location.

The following three parameters are required by the computer pro-
gram at each station.

1. CPO (LT) - The pressure coefficient at zero angle of attack

2. CPA (LT) - The difference between the pressure coefficient
on the windward side when flying at an angle of
attack and CPO (LT)

3. XOD (LT) - The axial distance measured from the tip of the
nose cap divided by the fairing base diameter

When the pressure profile is input to the program, three options are
available for inputing lift data.

1. CPA (LT) as described above

2. CPA (LT) per radian angle of attack
, 5 (a CN)
) (x/D) da
In Option 3
CN = the normal force coefficient with the fairing base as a
reference area
a = angle of attack in radians
x/D = distance from the leading point in calibers

After they are read into the program, the lift data in Options 2 and 3 are
converted to the form of Option 1. A sinusoidal pressure distribution (see
Figure 5) in the circumferential direction is used in converting Option 3 to
Option 1. Provisions can be made to read in other types of lift parameters,
if the parameter can be converted to CPA (LT) after it is input.
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Figure 5 - Circumferential Pressure Distribution
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The option is available to either compute or input axial force and
lift data for the nose cap. In either case they are specified by the following
three parameters:

1. Drag coefficient with the base area of the nose cap as the
reference area

2. Normal force coefficient per radian angle-of-attack with the
base area of the nose cap as a reference area

3. The location of the center of lifting pressure measured from
the base of the nose cap

1.5 Material Properties

Properties for the following five materials are now stored in the
program in Subroutine PROPTY:
Aluminum
Magnesium
Titanium

Stainless steel

U'I:LwNv-

Lockalloy

Additional materials can be readily added to this list. Properties
which are stored are as follows:
. Modulus of elasticity
Poisson's ratio

Density

Ll A

Maximum allowable temperature

If a value is input for maximum allowable temperature the stored
value is not used.

The quantities stored in the program are sufficient for most of the
program's operations. However, additional data is required for the shell
buckling analysis. Since the shell buckling analysis is based upon elastic
behavior, it is necessary to input a face cut-off stress level which will
ensure that plasticity effects do not become significant.

1.6 Thermal Considerations

The maximum temperature reached by the skin due to aerodynamic
heating can be controlled by placing a lower limit on the skin thickness to
be used in the nose cap and the top frustum. These minimum thicknesses
are computed in Subroutine THERML. The minimum thickness computed
for the nose cap is based on heating at the stagnation point, and the minimum

10
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thickness for the top frustum is based on heating at the point at which the
nose cap is tangent to the top frustum. The equations in Subroutine
THERML are based on a nominal trajectory of two-stage Saturn V vehicle
ascending to a 100 nautical mile circular orbit.

1.7 Standard Skin Gauges

Only standard gauges are used in designing stiffening rings. Either
standard or non-standard gauges may be used for the sandwich faces and
ribbons.

1.8 Design Loads

The individual bay is subjected to bending moments, axial forces
and lateral pressure loads. Bending moments and axial forces at the base
of the bay are computed in Subroutine LOAD, using the pressure profile
data. These loads are then converted to line loads (force per unit of length
on the circumference) on both the windward and leeward sides of the bay,
and the factor of safety is applied.

The lateral pressure used in design of the bay is the difference
between external and internal pressure multiplied by the factor of safety.

1.9 Last Bay in the Frustum

Before beginning the design of a bay, a check is made to determine
if there is sufficient length remaining on the frustum for one more bay of
minimum length. If there is not sufficient length for one more bay, the
length of the last bay designed is added to the remaining undesigned length.

Additional weight is added to the top ring of each frustum to provide
for attachment to the next frustum or nose cap.

1.10 Nose Cap Design

Both structural and thermal requirements are considered in the
design of the nose cap. The thickness required to limit the temperature
to the specified maximum is computed in Subroutine THERML. (For
details of the thermal analysis see Appendix J.) The thickness required
to withstand aerodynamic loads is computed in Subroutine TNOSST. (For
details see Appendix H.) In both cases thickness is determined for condi-
tions at the stagnation point. The greater of these two thicknesses is then
used to design an unstiffened cap with uniform skin thickness. Nose cap
skin thickness is not limited to standard gauges.

1.11 Output Data

Three options are available on the amount of detail provided by the
output data.

1. Design summary only (Figure 6A)

11
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2. Design summary plus design details (Figures 6A, 6B and 6C)

3. Design summary plus design details plus loads details (Figures
6A, 6B, 6C, 6D and 6E).

Most of the headings appearing in the output are self-explanatory.
However, there are two which require some comment.

Weight Index - Weight of the bay divided by the inclosed volume of
the bay.
Line Load - Force per running inch of circumferences, parallel

to the skin surface, normal to the circumferential
direction. A factor of safety has been applied to
this force.

12
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2.0 DESCRIPTION OF SUBROUTINES

2.1 Subroutine THERML (Thermal Computations)

This subroutine computes the minimum thickness of skin required
to limit the skin temperature to the specified maximum. Minimum thick-
nesses are computed for both the nose cap and top frustumn. The analytical
basis for the computations performed in Subroutine THERML is presented
in Appendix J. The analysis is based on a nominal two-stage Saturn V as-
cent trajectory to a 100 nautical mile circular orbit.

The equations and stored coefficients in Subroutine THERML were
developed by means of a multiple regression analysis of a large amount of
analytical data generated for the trajectory mentioned above. Details of the
multiple regression analysis are also presented in Appendix J.

The parameters required from the main program for computations
in Subroutine THERML are RCAP, THETA, TMPMAX and MAT. Returned
to the main program are TCONTH and TCAPTH.

2.2 Subroutine TNOSST (Nose Cap Structure)

Subroutine TNOSST calculates the nose cap skin thickness required
to withstand the pressure differential, PDSPH, at the stagnation point. The
" method used to calculate PDSPH and the structural analysis of a spherical
nose cap are described in Appendix H.

Parameters required by Subroutine TNOSST are PDSPH, E, RCAP
and TMINN Returned to the main program is TCAPST.

2.3 Subroutine AERO (Pressure Coefficients)

When a pressure profile is not input to the program the pressure
coefficient data for the profile is computed in Subroutine AERO. The ana-
lytical basis for the computations performed in this subroutine is presented
in Appendix C. Because of the assumptions made in computing this data,
the pressure coefficient at zero angle-of-attack and the change in pressure
coefficient due to angle-of-attack are uniform over the length of each frustum.
The pressure profile is then constructed by assigning the pressure coefficient
data for each frustum to the beginning and end points of each frustum. Double
points occur at the intersection of two frustums.

Parameters required to make the computations in Subroutine AEROQO
are NF, THTA (NF), AMACH and ALPHA. Returned to the main program
are CPOO and CPAA.

A sinusoidal pressure distribution in the circumferential direction
is used in computing CPAA.
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2.4 Subroutine LOAD (Bending Moment, Axial Force and Shear Force)

Using the pressure profile data, Subroutine LOAD computes the
bending moment, axial force and shear force at the base of each bay. Bend-
ing moment and axial force are then converted to line loads (force per unit
length of circumference) for both the windward and leeward sides of the bay,
and the factor of safety is applied to these line loads.

When Subroutine LOAD is called upon for loads on the first bay, the
bending moment, axial force and shear force are computed at the base of
the fairing. As design of the fairing moves from the base to the nose cap,
increments of the loads contributed by the pressure profile between the
previous bay location and the new bay location are subtracted from the pre-
vious totals. Derivation of the equations used in this subroutine appear in
Appendix D.

Information required for the computations in Subroutine LOAD is
i.  Pressure profile data:
LTMAX

CPO (LT) LT LTMAX

1l
p—

n
—
-

CPA (LT) LT LTMAX

XOD (LT) LT LTMAX

"
—
-

2. Fairing geometry:
NFMAX
DBAS

ALF (NF) NF NFMAX

1)
—

THTA (NF) NF NFMAX

1
-

3. Aerodynamic data:
AMACH
QBAR
DELTAP

ALPHA
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4. Miscellaneous:
DSUBB
C2
FS
LFLG
LTRIG

Parameters computed by Subroutine LOAD are ANFIMX, ANFIMN
FSUBZ and LTUNCT (NF) for NF = 1 to NFMAX.

2.5 Subroutine PRESUR (Lateral Pressure)

Using pressure profile data, Subroutine PRESUR computes the
pressure differential across the skin along the length of the bay. The max-
imum differential occurring along the bay length is determined for both the
windward and leeward sides, multiplied by the factor of safety and returned
to the main program. The equations used in this subroutine are developed
in Appendix E.

Parameters required for computations performed in Subroutine
PRESUR are

1. Pressure profile data
LTMAX
CPO (LT) LT =1, LTMAX
CPA (LT) LT =1, LTMAX
XOD (LT) LT =1, LTMAX
2. Other parameters: LPFL, C2, DBAS, DSUBB, ALB, QBAR,

NFMAX, NF, DELTAP, FS and LTUNCT (NF) for NF = 1 to NFMAX.

Parameters computed in Subroutine PRESUR are PDESMN, PDESMX,
ALN and ALX

2.6 Subroutine PROPTY {(Material Properties)

Properties of several commonly used materials are stored in this
subroutine.

The material for which properties are desired is indicated by the
input parameter MAT.
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Output parameters are the material properties E, AMU, RHO, and
TMPMAX.

2.7 Subroutine DIAM (Local Diameter)

When given the parameters describing the external geometry of the
fairing and the distance from the tip of the nose cap in calibers this sub-
routine computes the local fairing diameter.

Parameters required by this subroutine are:

ALTOT

ALF (NF), NF =1, NFMAX
THTA (NF), NF =1, NFMAX
DMN (NF), NF = 1, NFMAX
XN

NFMAX

The local diameter, DLOC, is computed by this subroutine.

2.8 Subroutine DLOD (Incremental Loads)

When given the geometry and pressure coefficient data for an incre-
mental length of the fairing this subroutine computes the contribution by
this increment to the total bending moment, axial load and shear load.

Input parameters are XOD1, XOD2, D1, D2, CP01l, CP02, CPAl,
CPA2, A3, A4, and DP.

Parameters computed in Subroutine DLOD are FSBZ, BND, and
AXLOD.

2.9 Subroutine RING (Ring Strength and Stiffness)

When given the cross-sectional shape of the ring and the skin gauge
from which it is to be fabricated, this subroutine computes the moment of

inertia of the ring with and without the effective skin, its cross-sectional

area, eccentricity and torsion constant. This subroutine also calls Subroutine

RSTRES which computes the local stress level in the ring.

Input parameters required by RING are E, IKIND, AOT, BOT,
COT, WSEF, J, K, PI, and T(J) when J = 1, 30.

Output parameters are AIRING, AISTT, AST, A, Z, ECC and
TCONST. )
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2.10 Subroutine RSTRES (L.ocal Stress Level in Ring)

When designing a stiffener ring it is necessary to check for local
instability in the ring flange or web (see Appendix G). Subroutine RSTRES
computes the local stress level in the ring. This computed stress level is
then compared to an input flange buckling stress level, and, if necessary,
a greater web thickness is assigned to the ring.

Input parameters for Subroutine RSTRES are A, T(J), Z, PDESMX,
DSUBB, CTH, AL(J), AST, and AISTT.

The output parameter is FRING.

2.11 Subroutine IREQ (Required Moment of Inertia)

This subroutine computes the stiffening ring moment of inertia re-
quirements to prevent general instability of the structure. The methods
used to compute this required moment of inertia are described in Appendix
G.

Input parameters are THTA (NF), Cé6, AL(J), DSUBB, C2, PDESMX,
T(J), PI, ANFIMX, E and ALCONE.

The output parameter is AIREQ.

2.12 Subroutine INSTBL (Panel Stability)

When given details of a tentative sandwich design for a bay, along
with applied crushing or bursting pressure, INSTBL computes the line load
at which the bay will fail due to overall instability. The analysis was pre-
pared by B. O. Almroth of LMSC's Solid Mechanics Laboratory, and is de-
scribed in Appendix K.

Subroutine INSTBL requires a large amount of tabular information
which, for reasons of convenience, is read into the program as regular
input data. This data is physically located immediately after the program
deck. Nose fairing data cards for a number of nose fairing designs can be
stacked in the usual manner behind these cards.

Input parameters required by subroutine INSTBL are EFACE, Gl,
G2, AMU, Ti, T2, APRC, H, KY, PXL, and KG. Output from the sub-
routine is CRG, the intial line load, which is compared to the applied line
load at the position (windward or leeward) then under investigation.

3.0 INPUT FORMAT
When the pressure profile and nose cap lift and drag data are tc be
computed in the program, the following three types of input data cards are

the only types required.

Types 1,2,3, and 4 Parameters which apply to the entire fairing.
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Type 5 Parameters which apply to individual frustum
(one card per frustum).

When lift and drag data for the nose cap are to be input, or when a
pressure profile is to be input, the following additional card type is required.

Type 6 Lift and drag data for the nose cap.

When pressure profile data is to be input, two additional card types
are required.

Type 7 Pressure profile data points (one card per
data point.)

Type 8 Card indicating end of pressure profile data.
The detailed format for these cards is as follows:

Type 1: Format (5F12.8, 216)

Data: DBAS - Base diameter of fairing, in.
QBAR - Dynamic pressure at design point in the
trajectory, lbs/sq. ft.
AMACH - Mach numbe‘r at design point in the trajectory.
ALPHA - Angle-of-attack at design point in the tra-

jectory, degrees.

KEY A integer indicating the type of output

desired. The code is as follows:
(0) Design summary only. (See Figure 6A).

(1) Design summary plus design details
(Figures 6B and 6C.)

(2) Design summary plus design details plus
load details (Figures 6C, 6D and 6E.)

Type 2: Format (216, 4F12.8, I112)

Data: MAT - An integer indicating the material to be
used. The code is as follows:

(1) aluminum

(2) magnesium
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T™MP

TMINN

DELTAP

FS

LPRES
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(3) titanium
(4) stainless steel
(5) Lockalloy (a Be-A{f alloy)
The number of conical frustums in the fairing.

The maximum allowable skin temperature
for the nose cap and top frustum, °F. (uf
no value is input, the value stored with the
material properties is used. If a value equal
to or greater than 10,000 is input, no thermal
constraint is imposed on the skin thickness.)

The minimum skin gauge to be used in nose
cap design, in.

Difference between internal and free-stream
pressure, psi

Factor of safety. (If no value is input, a
factor of safety of 1.4 is used.)

An integer indicating whether nose cap lift
and drag data'and/or pressure profile data
will be input. If pressure profile data is
input, LPRES also indicates the type of lift
data to be input. The code is as follows:

(-1) Lift and drag data for the nose cap is
input, but no pressure profile data is
input.

(0) No nose cap or pressure profile data
is input.

(1) Nose cap data and pressure profile
data with CPA (LT) as defined in Figure
5 and Appendix B is input on Card type 5.

(2) Same as (1) except that CPA (LT) per
radian angle-of-attack is input for CPA
(LT) on Card type 5.

(3) Same as (1) except that

9 BCN
X 5a (See Section 1.4) is input
for CPA (LT) on Card

type 5.
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Type 3: Stringer Data (I5, 6E12.8)

Data: IKIND - Type of cross-section
1 = angle
2 = zee
3 = hat
AOT - Web height-to-thickness ratio (see Figure 3)
BOT - Flange width-to-thickness ratio (see Figure 3)
COT - Hat section flange width-to-thickness ratio

(see Figure 3)
FCFB - Ring outstanding flange buckling level, psi

Type 4: Face Material (216, 4F12.8, 112)

Data: MATF - Type of material
1 = 2024-T4 Alclad Aluminum
2 = 2024-T4 Aluminum
3=7075-T6 Aluminum
FTA - Face tensile allowable stress
FCA - Face compressive allowable stress
FSA - Face shear allowable stress
EFACE - Modulus of elasticity of face material

One Type 5 card is required for each frustum.

Type 5: (5F12.8, 216)

Data: ALF (NF) - Ratio of top diameter of frustum to base
diameter of fairing or length of the frustum
in inches. If the number is equal to or
greater than 1, it will be treated as frustum
length. For conical sections, either the
diameter ratio or length can be used. For
cylindrical sections, only length can be input.

THTA (NF) - Frustum half angle, degress.
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ELMIN (NF) - Bay length to be used in designing frustum, in.

TMNC (NF) - Minimum face thickness to be used in de-
signing frustum, in.

TRBMIN (NP) - Minimum ribbon thickness to be used in de-
signing frustum, in.

KTRSTD - An integer indicating whether standard ribbon
gauge material is to be used

0 - Use non-standard gauges
1 - Use standard gauges

KTFSTD - An integer indicating whether standard gauge
material is to be used for sandwich faces.

0 - Use non-standard gauges
1 - Use standard gauges
The next card type is required only when nose cap lift and drag
data or a pressure profile is read in (PRES = -1, 1, 2 or 3 in Card Type 2).

If a blank card is inserted for Card Type 6 when LPRES = 1, 2 or 3, the
program will compute CDCAP, CNCAP and XBCAP.

Type 6: Format (3F12.8)

Data: CDCAP - Spherical nose cap drag coefficient with nose
cap base area as a reference area.

CNCAP - Normal force coefficient per radian angle-
of-attack for the nose. Reference area is

nose cap base area.

XBCAP - Distance from base of nose cap to center of
pressure for the nose cap, in.

The next two card types are required only when pressure profile
data is input (LPRES = 1, 2 or 3). (See Section 1.4'and Figure 4.)

Type 7: Format (3F12.8)

Data: CPO (LT) - Zero angle-of-attack pressure coefficient
at station L'T.

CPA (LT) - Lift parameter at station LT. See LPRES
on Card Type 2 and Section 1.4 for options

which are available.

XOD (LT) - Local to base diameter ratio at station LT.
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(One card is required for each data point, starting with the first point at
the junction of the nose cap and top frustum.)

Type 8: Format (71X, I1)

Data: LSTOP = 1 - This signals the computer that the last pressure
profile data point has been read in.

The set of data cards described above will design one fairing. A
number of fairings can be designed with one computer run by placing several
sets of data cards behind the program deck.

4.0 SAMPLE PROBLEM

The following sample problem illustrates the input format of the
program. Input data is as follows:

Fairing geometry:

DBAS = 260.0 inches
NFMAX =3

ALF (1) = 349.0 inches
ALF (2) = 0.72

ALF (3) = 0.03

THTA (1) = 0.00 degrees
THTA (2) = 12.5 degrees
THTA (3) = 25.0 degrees

Design specifications:

ELMIN (1) = 16.6 inches

ELMIN (2) = 16.4 inches

ELMIN (3) = 16.6 inches

TMNC (1) = 0.016 inches

TMNC (2) = 0.016 inches

TMNC (3) = 0.016 inches

KTFSTD = 1 (use standard gauges for faces)
TRBMIN (1) = 0.001 inches

TRBMIN (2) = 0.001 inches

TRBMIN (3) = 0.001 inches

KTRSTD = 1 (use standard gauges for ribbon)
TMINN = 0.0 inches

TMP = 10000.0°F

One ring shape is specified for all three frustums.

IKIND =2
AOT = 20.0
BOT = 10.0
COT = 0.0
FCFB = 30000.0 psi
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Material:
MAT
Face Material:

MATF
FTA
FCA
FSA
EFACE

Aerodynamic data:

AMACH
QBAR
ALPHA
DELTAP

Factor of Safety:

FS

Program Controls:

LPRES
KEY
DELTAL

| LI T [ B

(= o BN I o

LMSC/HREC A712573

1 (aluminum)

1 (7075-T6 Aluminum)

58000. psi
41500. psi
27000. psi

10300000. psi

5

65.0 1bs/sq ft
.5 degrees
psi

1.4 (It is not necessary to input this value,
since 1.4 is the value which the program
uses when no value is indicated.)

1
2
0.1 inches

Nose cap lift and drag data:

A blank card is inserted in the deck in place of Card Type 4,
causing the program to compute this data.

Pressure profile data:

Data for the pressure profile is taken from Figure 4 and listed
in Figure 8 under Card Type 7.

This input data is arranged in key-punch format in Figure 7. The

computer output for this problem is shown in Figures 6A, 6B, 6C and 6D.
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APPENDIX B

DEFINITIONS OF VARIABLE NAMES



A
AA

AFACT

AGWRIN

AIREQ

AIRING
AISTT
ALB
ALCAP
ALCONE
ALF (NF)
ALMX2

ALPHA

ALTOT
AMACH
AMU
ANFIAX

ANFIB

ANFICR

ANFIMN

ANFIMX

AOT

LMSC/HREC A712573

The length of the free side of a honeycomb cell, in,
The height of the stiffening ring, in.

Used to determine which equations to use in deter-
mining wrinkling stress.

Allowable face wrinkling stress, psi.

Moment of inertia required of the stiffening ring
cross-section, in, 4

Moment of inertia of the stiffening ring, in.
Moment of inertia of ring and effective skin, in. 4
Bay length, in.

Axial length of nose cap, in.

Frustum length, in.

Length of frustum number NF, in.

Axial distance from base of bay to top of frustum, in.

Angle of attack, degrees when read in and radians
when used in computations.

Total length of fairing, in.

Mach number.

Poisson's ratio.

Line load contributed by axial loading on bay, 1bs/in.

Line load contributed by bending moments on bay,
1bs /in.

Critical line load, 1lbs/in.

Total line load on windward side of fairing multiplied
by factor of safety, lbs/in.

Total line load on leeward side of fairing multiplied
by factor of safety, 1bs/in. :

The ratio A/t (see Figure 3).



APRC

AST
AXLDCP
AXLOAD
B

BEND

BETA

BETADG

BNDCAP

BOT

CASE

CBETA
CCA

CDCAP

CELLWD
CELSIZ

CNCAP

coT

CPA(LT)

CPAA

LMSG/HREC A712573

An equivalent radius of curvature of the particular
bay under consideration.

Cross-sectional area of ring, sq. in.

Axial load contributed by nose cap, lbs.

Axial load at some specified location on fairing, lbs.
The length of the bonded side of a honeycomb cell, in.

Bending moment at some specified location on fairing,
lb-in.

The acute angle formed by the sides of a honeycomb
cell, radians.

The acute angle formed by the sides of a honeycomb
cell, degrees.

Bending moment of the nose cap about its base, lbs/in.

The ratio of width of attaching ring flange to ring
thickness (see Figure 3).

The number of a particular set of data in a sequence
of runs.

Cosine of the angle BETA.
Honeycomb core allowable compressive stress, psi.

Drag coefficient for the spherical nose cap with the
base area of the nose cap as a reference area.

Calculated honeycomb cell size, in.

Honeycomb cell size reduced to a standard size, in.
Normal force coefficient per radian angle of attack
for the spherical nose cap using nose cap base area

as a reference area, /radian.

The ratio of the width of the cap of gtiffener to ring
thickness (see Figure 3).

The change in pressure coefficient on either the wind-
ward or leeward side of the fairing due to angle of
attack at station LT. (See Figures 4 and 5.)

Same as CPA(LT).



CPO(LT)

CPOO
CRG
CSA
CTA

D (1)
DBAS
DBASE
DBNSD

bb

DELTAP

DELTAS
DINSD
DMIN
DMN

DOD(LT)

DOVDB(NF)

DSUBB

DUSE1

DUSE2

ECORE

EFACE

LMSC/HREC A712573

Pressure coefficient at zero angle of attack at station
LT.

Same as CPO(LT).

Critical line load for general panel instability, 1bs/in.
Sandwich core allowable shear stress, psi.

Sandwich core allowable tensile stress, psi.

Small diameter of the Ith bay, in.

Base diameter of fairing, in.

Base diameter of a frustum, in.

Inside base diameter of bay, in.

Distance from the centroid of the stiffening ring to
the inside bay wall, in.

Difference between internal and free-stream pressure,
psi.

Bay skin thickness, in.

Inside upper diameter of bay, in.
Small diameter of frustum, in.
Same as DMIN.

Ratio of local diameter to fairing base diameter at
station LT,

Ratio of small diameter of frustum NF to base dia-
meter of fairing.

Base diameter of bay, in.

Diameter of area useful for payload at the base of the
bay. (See Line SWD 0507 of program listing in Appen-
dix A.)

Diameter of area useful for payload at top of bay.
(See Line SWD 0508 bf program listing in Appendix A.)

Modulus of elasticity of structural material, in.
Modulus of elasticity of core material, psi.

Modulus of elasticity of face material, psi.



ELMIN(NF)
ENFIMN (I)
ENFIMX (1)
ENSUBR
FCA

FCFB
FFAX (I)
FFB (I)
FFC ()
FFDMP
FFS (I)
FFWR (I)
FRING

FS

FSA
FSBZCP
FSUBZ
FTA

FZ (I)

G

GCORE

GCl

GC2

GFACE

Gl

LMSC/HREC A712573

Minimum bay length for frustum NF, in.
ANFIMN for Ith bay, lbs/in,

ANFIMX for Ith bay, lbs/in.

Radius conversion factor for conical frustums.
Sandwich face allowable compressive stress, psi.
Ring outstanding flange allowable buckling stress, psi.
Face axial stress at base of Ith bay, psi.
Face bursting stress in Ith bay, psi.

Face compressive stress in Ith bay, psi.

Face dimpling stress, psi.

Face shear stress due to aerodynamic lift, psi.
Face wrinkling stress, psi.

Maximum compressive stress in ring flange, psi.
Factor of safety.

Sandwich face allowable shear stress, psi.

Shear force contributed by nose cap, lbs.

Shear force at a specified location on the fairing, lbs.
Sandwich face allowable tensile stress, psi.
Shear force at the base of the Ith bay, lbs.
Modulus of shear, psi.

Modulus of shear of core material, psi.

Effective shear modulus of the honeycomb cellular
material in the ribbon direction, psi.

Effective shear modulus of the core in the direction
perpendicular to the ribbons, psi.

Modulus of shear of face material, psi.
Effective shear modulus of the core material cor-

rected for height to cell size ratio, in the ribbon
direction, psi.

B-5



G2

HUSE

IKIND
IMAX

IMX(NF)

Iw
I1

12

JF

JG

KEY

KG

KTFSTD

RTRSTD

KY

LMSC/HREC A712573

Effective shear modulus corrected for height to cell
size ratio, perpendicular to the ribbon direction,

psi.
Distance between midplanes of facing sheets, in,
Useful axial length of nose cap, in,

Index indicating bay. Numbering begins at base of
fairing,

Type of ring. 1 = angle, 2 = Zee, 3 = hat.
Total number of bays in fairing.

Number of bays from bottom of fairing to top of
frustum NF.

Index indicating bay number within a frustum.
Lower index used for writing output data.
Upper index used for writing output data.

Index indicating parameter associated with face
thickness T (J).

Index of skin thickness which is optimum for a bay.

Index used for determining minimum adequate
ribbon thickness.

Input parameter indicating type of output desired.
(See Section 3.0 of the TECHNICAL DISCUSSION. )

Parameter generated by Subroutine INSTBL,
indicating that GBAR has exceeded the range in
which it is valid.

An input parameter which tells if standard gauges
are to be used for sandwich faces.

An input parameter which tells if standard gauges
are to be used for core ribbons.

An optional control used to obtain faster convergence

in Subroutine INSTBL.
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LPFL

LPRES

LSTOP

LT

LTMAX

MAT

MATF

NBAY

NF

NFMAX

PDESMN

PDESMX

PDIFF

PDSPH

PHI
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An integer used to control computation of lateral
pressures.

An integer indicating type of pressure profile to be
read in, (See Section 3.0 of TECHNICAL DISCUS-
SION. )

An integer indicating that the last pressure profile
data card has been read.

Index that identifies a particular point on the fair-
ing.

Total number of pressure profile data points.

An integer indicating the material to be used. (See
Section 3.0 of the TECHNICAL DISCUSSION, )

An integer indicating the type of material to be used
for sandwich faces.

Number of bays in a frustum.
Index indicating frustum number.
Total number of frustums in the fairing,

Pressure differential, equal to either PDESMN or
PDESMX, as appropriate, psi.

Maximum pressure differential across the sandwich,
multiplied by the factor of safety, on the leeward
side of the bay, psi.

Maximum pressure differential across the sandwich,
multiplied by the factor of safety, on the windward
side of the fairing, psi.

Maximum burst pressure differential, psi.

Maximum pressure differential across the nose cap
skin, multiplied by a factor of safety, psi.

Angle between the applied load and the direction of
the honeycomb ribbon.



PSTAT
QBAR
RCAP
RHO
ROCORE

RUSE

SCAP
SLOPT

SUMAL

TCAP

TCAPST

TCAPTH

TCONTH

TCORE(I)
TF
TFACE(I)
THETA
THTA(NF)

TKCIL

TKHOOP

LMSC/HREC A712573

Free-stream pressure, psi.
Dynamic pressure, lbs/sq. ft.
Radius of spherical nose cap, in.
Material density, lbs./cu. in.
Core material density, lbs/cu. in.

Radius of nose cap volume which is useful for pay-
load, in,

Surface area of spherical nose cap, 8sq. in,
Sum of bay lengths within a frustum, in.

Distance from the base of the fairing to the base of
the bay, in.

Thickness of nose cap skin, in,

Thickness of nose cap skin required to withstand
pressure loads, in,

Thickness of nose cap skin required to limit its
temperature to the maximum specified, in.

Thickness of skin required on the top frustum to
limit its temperature to the maximum specified, in.

Honeycomb core height in the Ith bay, in.
Sandwich face thickness, in.

Face thickness in the Ith bay, in,
Frustum half angle, radians

Half angle of frustum NF, degrees.

Skin thickness required to carry the circumferential
load, in,

Skin thickness required for hoop stress due to internal

pressure, in,

B-8
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TKMCL - Skin thickness required to carry the meridianal
compressive load, in.

TKSAL - Skin thickness required for shear stress due to
aerodynamic lift, in.

TMINC - Minimum skin thickness to be used in designing a
frustum, in.

TMINN - Minimum skin thickness to be used in designing the
nose cap, in.

TMNC(NF) - TMINC for frustum NF, in,

TMP - Maximum allowable temperature for both the top
frustum and nose cap, °F.

TMPMAX - Same as TMP.

TRBMIN - Input value of minimum ribbon thickness, in.

TRBN(I) - Ribbon thickness for the Ith bay, in.

TRBSTD(JQ) - Block data values to be used for ribbon thickness if
KTRSTD is equal to 1.

TRIBN - Ribbon thickness, in.

TRING (I) - Thickness of ring material for optimized design of

the Ith bay, in.

TSTD - Block data of standard sheet metal gauges, in.
T1 - Thickness of outer face of sandwich, in.

T2 - Thickness of inner face of sandwich, in,

VCAP - Volume of nose cap which is useful for payload.

(See HUSE and RUSE), cu. ft.

VCORE - Volume enclosed between the two sandwich faces,
cu. in.

VGROS - Gross volume of nose cap, cu. in.

VGROSS - Gross volume of fairing, cu. ft,

B-9
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VSEG (J) - Volume of bay designed for a skin gauge of T (J),
cu. in,

VTOT - 'Useful volume of fairing (see DUSE1, DUSE2, HUSE
and RUSE), cu. ft.

VUSE - Useful volume of frustum (see DUSE1, and DUSE2),
cu. ft,

w - Average length of a core cell wall, equal to 1/2
(ATB), in.

WBOND (I) - Weight of adhesive bond material used to attach

faces to core, lbs.

WCAP - Weight of nose cap, lbs.

WCONE - Frustum weight, lbs,

WFACE (I) - Weight of both sandwich faces of the Ith bay, lbs.

WRING (I) - Weight of ring for the Ith bay, lbs.

WSEG (I) - Weight of the Ith bay, lbs,

WSPLCE (I) - Weight of panel splices in the Ith bay, lbs.

WTCORE (I) - Weight of core material in the Ith bay, lbs.

WTDEX (I) - Weight of bay divided by volume of bay, lbs/cu. in.

WTINFC - Weight of inner sandwich face material in the Ith
bay, lbs.

WTOT - Total fairing weight, lbs.

WTOTFC - Weight of outer face material in the Ith bay, lbs.

XBCAP - Distance from base of nose cap to center of lift
pressure on the nose cap, in.

XL - Length of bay, in.

Y - Warpage correction factor for thick cores.

B-10
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APPENDIX C

AERODYNAMIC PRESSURE COEFFICIENTS
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When data for the fairing pressure profile is not input, the pressure
cocfficient at zero angle of atlack, CPOO, and the maximum change in
pressurc coefficient due to angle of attack, CPAA, arc computed for each
conical frustum in Subroutine AERO. For the purpose of computing these
parameters, each frustum is treated as a complete cone with an attached
shock. Both CPOO and CPAA will then be uniform in the axial direction
for each frustum. In order to construct the pressure profile as described
in Section 1.4 and Figure 4, the values computed for CPOO and CPAA for
the frustum are assigned to the stations at the ends of the frustum. That
is

CPO (LT) = CPOO
CPO (LT+l) = CPOO
CPA (LT) = CPAA
CPA (LT+l) = CPAA

In which LT is the station at the small diameter of the frustum, and (LT+1)
is the station at the large diameter of the frustum.

Using the ground rules indicated above, CPOO can be readily determined
through the use of equations developed by Simon and Walter in Reference 2,
which agree within a few percent with data presented in Chart 6 of Reference
3 (NACA Report 1135). These equations have been programmed in Subroutine
AERO and are used in computing CPOO for each frustum.

When flying at an angle of attack the pressure distribution in the circum-
ferential direction varies with circumferential position. This circumferential
pressure distribution is assumed to be sinusoidal (see Figure 5). Since each
frustum is treated as a complete cone, the distribution in the axial direction
is uniform. The pressure distribution over the entire frustum can now be
described by equations specifying the circumferential pressure distribution.
These equations, as illustrated in Figure 5, are

Cp = Cpp - #&Cpsing (Cl)

P = Ppy - AP xB8in¢ (C2)
In which

Cpo = CPOO

8Cp = CPAA

The normal force, AFN, produced on an incremental length, 80X, by
this pressure distribution can be computed as follows:
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2n
LF. = &X J (-Psin$ )(_g_)cw (C3)
O

in which D is the diameter of the increment. When the expression for P
(Equation C2) is substituted in Equation C3, and the integration performed

- 0FN = = D (8X) (sPyax (C4)
In which
8Pyax = (8Gp) q
- and
0Fy = 7“— D (8X) (aCp) q (C5)

The normal force on the same increment of cone can also be computed
by using the normal force coefficient, CNe For a complete cone the normal
force, FN' is expressed by

Fy = CngA (Co)

in which A is the base area of the cone. The incremental normal force,
AF, produced by a short length, 4X, of this cone is

AFN = CNQ(AA) (C7)

in which 8A is the surface area of the increment projected on the cone base,
expressed by

oD
A = =

( "D) (C8)
The change in diameter, 4D, for a change in length, 4X, is
AD = 2 ( 4X) tan® (C9)

in which 8 is the half angle of the cone. Substituting Equations C8 and C9
into C7 yields the following expression for AFN:

AaFNy = Cnygq ( D) ( 8X) tan® (C10)

When the two expressions for AFN (Equations C5 and C10) are equated
and solved for 8Cp, the following expression is obtained.

8Cp = 2 Cp tand (C11)
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In Chart 8 of Reference 3 C is plotted as a function of cone half
angle v and Mach number. CNu 18 defined as

N
“Ne T ol Ll (Ci2)

in which a is the angle of attack., For small angles of attack the following
relationship is valid:

CN = (Cpng)o (Ci3)

For the study for which this computer program was developed maximum lnads
occur in the neighborhood of Mach 1.5, In this region Cpq i8 not a strong
function of Mach number. Therefore, a plot was made of CNa Vversus 6 at
Mach 1.5. The points fell on a straight line expressed by the following equation.

CNg = 2.03 - 1.26 (Cl14)

In Equation Cl14 both a and 6 are expressed in radians. Substituting Equations
Cl13 and Cl4 into Cl1 yields the following equation which is used to compute
CPAA in Subroutine AERO (CPAA = & Cp).

ACP = (2tang) (2.03 - 1.20)a (Cl5)
In Equation C15, l‘CP is the difference between the pressure coefficient on the
windward side of the fairing and the pressure coefficient at the neutral position
on the fairing.,
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APPENDIX D

BENDING MOMENTS, AXIAL LOADS AND SHEAR LOADS
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In order to design a bay within the nose fairing structure, it is
necessary to know the magnitude of the loads to which the bay is subjected,
In addition to lateral pressure there are bending moments and axial loads
which are used in computing line loads (force per running inch on the cir-
cumference) for the bay being analyzed, These computations are per-
formed in Subroutine LOAD using the pressure profile data which was
either computed in Subroutine AERO or input to the program,

The pressure profile data consists of a number of points connected
by straight line segments as illustrated in Figure 4, In order to compute
axial loads, shear loads and bending moments, it is necessary to compute
the contribution of each of these pressure profile increments to the total
load, In computing these incremental loads the point on the increment
nearest the base of the fairing is used as a reference point,

First, an equation is derived to represent the shear force contributed
by a pressure profile increment at its reference point, Nomenclature for
this derivation is illustrated in Figure Dl, The expression for ACP as

a function of X/D between locations (X/D)l and (X/D)2 is as follows:

ACL, - ACP,
8Cp = 80 * TrBI——R7BT; %/ - %/D)] (1)
At a specified location ACp is the difference between the pressure

coefficient on the windward side of the fairing and the pressure coefficient
at the neutral position on the fairing (see Figure 5)., The relationship
between the variables in Equation D1 and Figure 4 are as follows:

AC

p] = CPA (LT+1)

AC

p2 = CPA (LT)

(X/D) F XOD (LT+1)

(X/D)2= XOD (LT)

Let
.. ACp - ACp, 02)
2~ (X/D); - (X/D),
A =AC, - AZ(X/D)I (D3)
Then, combining Equations D1, D2 and D3
ACL= A + AZ(X/D) (D4)
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X/D - Axial location measured
from the nosec in calibers.

aC - Change in pressure coefficient
due to angle of attack (identical
to CPAA in program listing).

D - Local diameter of faliring

0 - Half angle of
frustum

X/D

Figure D1 - Nomenclature Used in Derivation of Bending Moment Equation
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In a similar manner the following expression can be obtained for
the local diameter D,

D=Ap + ADZ(X/D) (D5)
In which
D, -D
A 1 2

D2~ (X/D), - (X/D),

A = D - ADZ(X/D)I

Dl
In Appendix C an equation for the normal force, AFN, for an

increment of length, AX, was derived for a sinusoidal pressure distribution
in the circumferential direction, This equation (Equation C5) is as follows:

Il
AFy =5 D (AX) (AGL) q

N

in which q is dynamic pressure, Using Equation C5 the running load in
the axial direction, w, is expressed as follows:

AFN

AX

w =

I
2

D (ACp) q (D6)

By combining Equations D4, D5 and D6, the following expression is
obtained for w,

w=lq [AIADI +AJALL(X/D) + A,AL (X/D) + AZADZ(X/D)Z]

(D7)
The shear force, v, at any point on the increment is
X
V= ,/ - w dX
X X/D
= - Dppe f w d(X/D) (D8)

(X/D),
D-4
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In which D, is the base diameter of the fairing, When the integration

is performed, the following expression is the result,

v = % aD ... | B [X/D - (X/D)Z] + B, [(X/D)2 - (X/D)gJ

+ 8, [(x/n):" - (x/n)i] (D9)
In which
B1 = A14p)
AjApe t AAp)
Ba= )
8, - AZ:‘DZ

The incremental shear force, vis at the reference point of the ith

increment (the point nearest the fairing base), due to aerodynamic
pressure acting on the ith increment, is obtained by substituting (X/D)1

for X/D in Equation D9,

The incremental bending moment, M;, about the reference point

of the ith increment is expressed as follows:

X
Mi = f v dx

X

2
(x/D),
=D ... f v d(X/D) (D10)
(x/D),

By substituting Equation D9 into Equation D10 and performing the integration,
the following expression is obtained,
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:
M. = _r_zf q D? -—2-‘- [(X/D)f - (X/D)g]

8,(x/p), [(x/n)1 - (x/p),| + f;-?‘- [(X/D):l5 - (X/D)i}
J

-

2 i 4 4
- B,(X/D), ,:(X/D)l - ‘X/D’?-J t = [(X/m1 - (x/m,_]

B 4(x/D); [(X/D)1 - (x/D),_] (D11)

These incremental shear loads and bending moments are now

used to compute the shear load, Vbase’ and bending moment, Mbase'

at the base of the fairing,

- Contribution
Vbase = Z Vit of nose cap (b12)

1

Contribution

Mpase * Z (viLi + mi) *  of nose cap (D13)
i=1

in which I is the total number of increments and Li is the distance from

the base of the fairing to the reference point of the ith increment, The
shear moment contribution of the nose cap are discussed below,

As design of the fairing moves from the base toward the nose cap,
shear and moment contributed by each of the increments of pressure pronle
are subtracted from the total shear and bending moment, In moving irom
the reference point of the (i-1)th increment to the reference point of the ith
increment the shear and bending moments at the ith reference point are
computed as follows; °
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Vi = Viil - Vi-l (D14)

Mj =M1 - my - ViXiog (D15)

in which x is the length of the increment.

Usually the location of the base of a bay will not coincide with the heginning
or end of a pressure profile increment. In this case the pressure profile
increment is divided at the base of the bay and each part is treated as a compiete
increment.

Computation of axial loads is handled in much the same manner as
computation of shear force. Using nomenclature similar to that used previously
for the 6Cp calculations (see Figure D1) the equation for the pressure
coefficient within a pressure profile increment is

Cp = B} + B,D (Dl6)
in which
C -C
- Pl
By = Cp, - ___DLZ D, (D17)
D, - D,
Cp, -C
_ Pl P2
B, = 5, D, (D18)

The incremental axial load is

D2
8Fax = L (@ Cp - &P) (D) 929- (D19)
1

in which 0P is the difference between fairing internal pressure and ambient
pret?sure. When the expression for Cp is substituted into this equation and
the integration is performed, the following equation is obtained.

(D20)

”

.oq |1 2 .2 1 3
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Total axial load at the base of the fairing is computed by summing up the
incremental loads plus the drag contributed by the nose cap, As design of the
fairing progresscs from the base towards the nosec cap,increments of axial
load are subtracted in a manner similar to that employed in computing shear
loads.

When the bending moment and axial load are known at the base of a bay,
the circumferential line load can be computed. This is the load per unit length
of circumference parallel to the surface of the skin. The axial load places a
uniform compressive load on the circumference. The bending moment places
a compressive load on the leeward side and a tensile load on the windward side.
The line load due to the axial force is

F
_ ax
(Nodpx = D o5 (De1)
in which
F,x = Axial force at the base of the bay
D = Diameter at the base of the bay
8 = Semi-vertex angle of the bay

Using the assumption that the strain in the skin due to bending is proportional
to the distance from the neutral plane, the maximum contribution of bending

moment to the line load is computed by the following equation:

M 1
(Ne)pEND T2 TOS D (D22)
3

When line load due to bending is superimposed on line load due to axial
force the total becomes

(Nelppg = (NeJax + (Nelgpnp (D24)

The subscript WND indicates windward side, and the subscript LEE indicates
the leeward side.
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The contribution of the nose cap to axial load, shear force and bending
moment are computed by means of the nose cap drag cocfficient, Cp, normal
force coefficient per radian angle of attack, CN“, and X, the distance from
the base of the nose cap to center of pressure on the normal plane. The
reference area for Cpp and CNa is the base arca of the nose cap. These param-
eters can be read into the computer or computed in Subroutine LOAD.

The computations for the nose cap Cp in Subroutine LOAD are based on a
computed pressure coefficient at the stagnation point, (CP)st ,» and a pressure
distribution over the nose cap described by the following equation:

Cp = (Cy) . sin?y (D25)
P stg
in which ¢is the angle between a plane tangent to the nose cap surface and the
line of flight.

In order to compute (CP)st » the pressure at the stagnation point is assumed
to be equal to the stagnation pressure downstream from a normal shock with
upstream Mach number equal to that of the vehicle. For one-dimensional flow
of a perfect gas with constant specific heat and molecular weight the ratio of
downstream stagnation pressure, Po, to upstream static pressure, P_, is
expressed by the following equation taken from Reference 11,

Y 1

1 -y
Po _| Y+l o ¥ 2y 2 Y-l Y
P ‘[ ) M:] l:”“ M™ -3 (D26)

in which y is the specific heat ratio of air and M is the Mach number of the
vehicle. When Y= 1.4, Equation D26 reduces to

Po 166.92 M’
P, = TIMZ-1)Z5 (D27)

An expression for P, derived from basic definitions is as follows:

E, = 3 (D28)

-2-YM

For air, Equation D28 reduces to

P, = T_‘Igm {D29)

D=9
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Using the definition for pressurec coefficient

Po - P
(C T ———
P)stg q
- (1;0 L ) I:;o (D30)

Combining Equations D27, D29 and D30 yields the following equation

1 166.92 M’
(CP)stg = 0.7 Mm% (7MZ_”T.5 -1 (D31)

The pressure coefficient, CP’ at all points on the nose cap is now defined
by Equations D25 and D 31. By integrating Cp over the nose cap surface the
following expression is obtained for Cp-

] )
cp = 3 (CP)Stg (1+481n 8) (D32)

- in which 8 is the half angle of the top frustum. The axial force contributed
by the nose cap is now expressed by the following equation:

in which A is the base area of the cap.

For small bluntness ratio (less than 0.2) the bending moment contribution
of the nose cap can be approximated by assuming that the nose cap is re-
placed by a cone having the same half angle as the top frustum. Cn. can

then be computed by Equation Cl4 which is derived in Appendix C. ©

CNa = 2,03-1.29 (D34)
Shear force contribution of the nose cap is

VCAp = ¢ CNaq A (D35)
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For a complete cone the normal force (shear force) acts a point one-third
of the distance from the base of the cone to its apex.

- 1 d
X =3 Tane (D36}

In which d is the diameter of the nose cap base. The bending moment at
the base of the nose cap is expressed as follows:

m = s'( (D37)

'CAP VCAP

11

w)
'
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APPENDIX E

LATERAL PRESSURE
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The lateral pressure uscd to design the fairing is the difference hetween
internal and external surface pressure multiplied by a factor of safety. This
pressure is computed on both the windward and leeward sides of the bay, using
the pressure profile data and input aerodynamic data.

Pressure coefficients on the windward and leeward sides of the bay are
expressed by the following equations.

(Cplwnp = Cpo + 4Cp (E1)

(CPILEE = Cpo - 8Cp (E2)
In which

(Cp )WND = pressure coefficient on windward side

(CP)LEE = pressure coefficient on leeward side

Cpo = pressure coefficient at zero angle of attack

Cp = change in pressure coefficient due to angle of attack

The difference between surface pressure and free-stream pressure is expressed
by the following equations.

(Pslwnp = P = (Cplynp 9 (E3)

(Pglueg - B = (CplLgg 9 (E4)
In which

Pg = surface pressure

P“ = free-stream pressure

q = dynamic pressure

Recall that the difference between internal pressure and free-stream pressure
is an input parameter.

&P = Pj¢ - P, (E5)
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In which
AP = the input value of pressure difference

Pint = absolute pressure inside the fairing

Combining Equation E3 with E5 and E4 with ES the following equations for
pressure difference are obtained.

- 0P (E6)

(Pg)wnD - Pint = (Cp)wnD 9

(Ps)LEE - Pint (CPILEE 9 - %P (E7)

Design pressures are obtained by multiplying these pressure differences by
the factor of safety, FS.

(Pges)wnp = FS [(CP)WNDq - AP:‘ (E8)

FS [(CP)LEEq - AP] (E9)

(Pdes)LEE

E-3
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APPENDIX F

FACE WRINKLING AND DIMPLING
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Face wrinkling involves the buckling of one face only. Normally,
an analysis is made in a manner similar to a beam on an elastic foundation.
The analysis used here (Reference 12) depends upon whether the core is
""thin'' or '"thick''. If the core is thin, it is assumed to behave like a group
of independent springs with no shearing forces between them. If the core is

thick, shear forces between these springs are considered. If -%— > 2;{”

as determined by the following equation, the core is considered thick.

2w 2.496 t, E/GC
R R tc/a

where:
R = cylinder mean radius
tf = face thickness
E = elastic modulus of face
GC = shear modulus of core
t. = core ribbon thickness
a = free honeycomb-core wall dimension between nodes
For thick cores, wrinkling stress is predicted by
_ 1/3 2/3 2/3
o, = 1.66 (E) (G,) (tc/a)
For thin cores, wrinkling stress is predicted by
_ 1/2 1/2 1/2 1/2
0y = L.86(E)T (G )T (t /a) /7 (t/h)
where:
h = distance between midplanes of face sheets
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The above equations predict wrinkling stress levels if there are no
imperfections in the face sheets. To approximately account for the deleter-
ious effect of reasonable imperfections, half of the predicted wrinkling stress
level has been used as an allowable stress. Normally, designs having pract-

ical ribbon and face thicknesses will not be critical for wrinkling.

Face dimpling considerations limit the maximum size of the core

hexagon. From Reference 12, the following equation is used to predict

dimpling:
2
i th E
d az(l-vz)
where:

YV = Poisson's ratio of face sheets.

Minimum distance between nodes.

Y]
1

One half of the predicted dimpling stress value as determined by the

above equation was used as an allowable stress level.
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APPENDIX G

STIFFENING RING DESIGN
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After the shell portion of a bay has been designed, it is necessary
to provide a ring of adequate stiffness to prevent gcneral instability of
the composite structure, i,e,, to prevent the entire side of the fairing from
caving in, This ring is placed at the upper end of the bay, For tapcred
conical sections, lateral crushing pressure is normally the dominant factor
in ring size determination, For these sections, the required moment of
inertia of such a ring is expressed by the following equation which was
used by Nevins and Helton in a similar study reported in Reference I,

4/3
A o \2 (i) 3 [Pyes)wnp Db 1)
req ~bay \2 cos @ t 11,02 E tan 6
in which

Lbay = length of bay, in,

D = small diameter of bay, in,

0 = semivertex angle of bay

t = skin thickness, in,

(Pdes)WND = thfa .crushm‘g pressure on the windward side of the

fairing, psi.
Db = the base diameter of the fairing, in,
E = modulus of elasticity of the material, psi,

This equation is a modification of the general stability equation
developed by Becker in Reference 5,

For cylindrical sections, axial loads are higher and lateral collapse
pressure much lower than in conical sections, hence rings are sized on a
different basis, As stated in Section 1,13, the cylindrical section is divided
into bays of equal length using stiffening rings of identical cross-section,

Skin gauge for the first bay is determined by the same methods used else-
where in the fairing, Then assuming that the skin gauge and loading determined
for the first bay prevail throughout the cylindrical section, the minimum

ring cross-section required to prevent general instability is computed by

the method of Baruch-Singer adapted for use in this program by A, B, Burns
(see Appendix K),

After computing the moment of inertia required of the ring, the
ring cross-section which will provide this moment of inertia is selected,
The three types of cross-sectional shapes which may be specified are
shown in Figure 3, Also to be specified are B/t ratios of the web(s) and
flanges, When designing the ring, the computer program selects the
smallest standard skin gauge which provides a ring cross-section with
moment of inertia equal to or greater than that required, providing that the
selected ring has no buckled flanges,
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It is necessary to check for flange (or web) buckling because large
B/t values may be input, and these large B/t values present a definite
possibility of local instability occurring, In making this check, a small
(one percent) ovality tolerance was assumed, and bending stress due to
this ovality effect are added to the hoop compression stress, The total
flange stress thus obtained, is compared to an input flange buckling stress
level (FCFB), and if excessive, the ring web thickness is increased as

required,
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APPENDIX H

STRUCTURAL DESIGN OF SPHERICAL NOSE CAP
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The nose cap design is analyzed structually as an unstiffencd, non-
shallow spherical cap with uniform shell thickness. The method of
Analysis uscd is presented in Section 6.23.1 of Reference 4. From
experiments it is observed that non-shallow (the ratio of height to radius
is greater than 1/6) spherical caps buckle in the form of a small dimple
in some area of the surface of the cap. Therefore, the critical buckling
pressure for non-shallow caps is independent of the height to radius ratio,
depending only on the radius to thickness ratio and the modulus of elasticity

of the shell material.

The equation recommended in Reference 4 is

) 0.606 E H
crt - (_13) 2_ 0.04 VR/t )
t

P

In which
P.yt = critical buckling pressure
R = nose cap radius
E = modulus of elasticity
t = shell thickness

A trial and error procedure is used in determining the minimum shell
thickness required for the nose cap. When R, E and design pressure are
known the shell thickness is increased by 0.001 inch increments until Pt
is equal to or greater than the design pressure computed for the nose cap.

Maximum design pressure for the nose cap occurs at the stagnation point.
Assuming that the pressure on this point is the same as the stagnation pressure

downstream from a normal shock, the pressure coefficient, (Cplgty: is
expressed by Equation D30, and the design pressure is expressed by the

following equation:

(Pg)cap = (FS) [q (Cplarg - AP] (H2)

in which
FS = factor of safety

q = dynamic pressure

4P = internal to free-stream pressure difference

H-2



LMSC/HREC A712573

APPENDIX I

EFFECTIVE SHEAR MODULUS OF
HONEYCOMB CELLULAR STRUCTURE

I-1
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The general instability analysis developed for this program accounts
for the effect of transverse shear deformation, hence buckling loads are a
function of cone shear stiffness. Core shear stiffness is calculated for

aluminum hexagon honeycomb using the analysis of Penzien and Didriksson
(Reference 13). The effective shear modulus is

G sinf8 (R + cosf)

Ge = Z ) T2
A [(l + R) sin"B cos"d + (R + cosB)” sin ¢]
tr

where:

G = shear modulus of core material

R = B/A (See Figure 1 below)

tr = thickness of core material

® = angle between direction of the shear force and

ribbon direction

Shear
force

Ribbon direction

Figure 1 - Geometry of honeycomb cells

A correction factor based on Figure 6 of Reference 13 is also applied
to the above equation when the ratio of core height (H) to average cell wall

length (%A + %B) is 5 or less.

I-2
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When the ratio of core height to the quantity W = 0.5 (A + B) is five
or less, prevention of warpage increases the effective shear modulus (See
Figure 6 of Reference 13). For values of H/W less than five, the effective

shear modulus is calculated from the equation

cegf = G. (1 +0.017)

where:

(9.3/(H/W)) - 2.1/(H/W)%)

v
1l
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The maximum temperature rcached by the skin due to acrodynamic hcating
can be controlled by placing a lower limit on the thickness of skin to be used
in critical locations. Provisions have been madc in the program to place such
constraints on both the nose cap and top frustum of the fairing, either by
specifying the minimum skin thickness to be used or by specifying the maximum
temperature to be reached by the skin.

Design curves for determining the minimum thicknesses have been pre-
pared by LMSC/HREC. These curves and the methods used in generating the
data for these curves are presented in Reference 6. The trajectory used in
this analysis was a nominal two-stage Saturn V ascent trajectory to a 100
nautical mile circular orbit.

Both laminar and turbulent heating occur during the flight. Laminar flow
was assumed to exist when the Reynolds number based on momentum thickness
of the local boundary layer was equal to or less than 500. Turbulent flow was
assumed to exist at Reynolds numbers above 500. When the flow was laminar,
the method of Fay and Riddell (Reference 7) was used together with the laminar
heating rate distribution of Lees (Reference 8). When the flow was turbulent,
heating rates were calculated by using a method from Reference 9 (Bromberg,
Fox and Ackermann). Radiation from the outer surface was also taken into
account,

Other assumptions were that the heat flow is one-dimensional, that at any
time or location on the fairing the skin temperature is uniform throughout the
thickness of the skin, and that the inner surface of the skin is perfectly insulated.
These latter assumptions were found to have only a minor effect on the final
results.

Maximum temperature constraints are applied to the nose cap and the top
frustum. The thickness of material required to limit the maximum temperature
of the nose cap is based on heating at the stagnation point of the nose cap, and
the thickness required for the top frustum is based on heating on the nose cap
at its junction with the top frustum. Thus, the heating data required to establish
these constraints can be obtained from a spherical shell.

Several hundred data points were generated for each of the following five
materials: aluminum, magnesium, titanium, stainless steel and Lockalloy.
Each data point for a specified material is completely described by the
following four parameters:

R = radius of spherical nose cap
0 the angle between the line of flight and a plane
tangent to the nose cap at the point of interest
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the maximum temperature reached by the skin, °F

=)
H

max

thickness of the skin

-
i

When applying this data to nose fairing design, 8 is equal to 90° at the
stagnation point and to the half angle of the top frustum at the junction of the
nose cap and top frustum. (Note that ¢ in Reference 6 is the complement
of 8.)

In order to avoid the necessity of storing all of these data points in the
fairing design program, a set of linear alge braic equations which fit the
data within a few percent was developed by a technique commonly referred
to as multiple regression analysis. A detailed description of multiple
regression analysis can be found in many statistical text books such as
Reference 10, Chapters 4 and 5.

Two major steps are involved in such an analysis. First, it is necessary
to establish the form of the equation relating the variables which describe
the data points. This step can be based on intuition and/or a knowledge of
the physical laws relating the variables. This equation must be reduced to
linear form, which is then referred to as a linear model. The linear model
has the general form

y=c1x1 +C2X2+...+Can (Jl)

The variables y and Xl X2, -==, X, may be grouped parameters such
as (Tryax-70) and Tmax / YR . However, these variables must be such that
numerical values can be obtained for each variable for each data point.

Having developed a linear model the next step is to determine the set of
coefficients (c1. €2, -=-=, ¢,) which give the best fit to the data. This is
done by means of the "least squares' curve fit technique, Usually several
different linear models are tried in an attempt to curve-fit a given set of
data.

For this application two models were developed, one for the stagnation
point and the other for the point of tangency between the spherical nose cap
and the top frustum. A set of coefficients was computed for each of the two
models for each of the five materials, making a total of ten sets of coefficients.
The equations and coefficients appear in Subroutine THERML,.

.The linear model representing heating at the stagnation point is based on
laminar and radiative heating theory. It is postulated that the following

J=3
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relationship is approximately true.

4
oCpt (Tynax - 70) = K + T K3 = Trmax) = K4 © (Trmax + 460)

(J2)
in which

p = density of skin

Cp = specific heat of skin

€ = emissivity of skin

The terms in Equation J2 represent the following physical quantities:
Cpt (Tmax-70) = the maximum quantity of heat stored in a unit

area of skin during the flight

K| = a constant

K3

—_ (K3 - Trhax) = convective heat input (laminar flow) to the unit
R area

Kye (Tmax + 460)4 = radiative heat loss from the unit area

When material properties are dropped (coefficients are determined for
each material) and when the multiplications are performed Equation J2 reduces
to the following linear form.

max

VR

t(Tmax-70) =a] +a; —— +a,

(J 3)
+ay (T, +460)

Comparing this to Equation J1

Y = t(T,...-70)

max

X1=l
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2 7 IR
X3 = Tmax
YR
_ 4
X4 = (Tpyax * 460)

Using the data generated in Reference b the coefficients a;, a,, a3 and a,
can be determined by the least-squares technique.

A more complex model is required to represent heating at the point at
which the nose cap is tangent to the top frustum. Turbulent flow occurs
during part of the flight, and laminar flow occurs during the remainder.

It is also necessary to specify the angular location, 6 , on the sphere. The

following model was postulated:

K, 2
(K4 + sin“0 ) (KS'Tmax)

PCpt (T -70) = K} +

max

K3 2 4
' R0°2 (Kq +8in"0) (Kg=T5,) -Kg€(Tmay + 460)

The additional terms in this equation have the following physical significance:

K
2
—'\/:R- (K4 + sin® 8) (Kg - Tax! = convective heat input during
laminar flow
K3 2
> (Ky + sin 6) (Kg - Tmax) = convective heat input during
R’ turbulent flow

in which (K4 + sin%g ) accounts for pressure variation with angular position

on the nose cap. When material properties are dropped and the multiplications
are performed the quantities corresponding to the variables in the linear model
are as follows:

Y = t (Tax-170)

X =1

1
, = —
VR

J-5
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- 4
)(4 = (Tmax + 460)
sinzo
5T TR
T sin" ¢

x = max
8 RO. 2
_ sin2 0
= 2
X9 2 0
X Tmax sinzo
10 ©
R0. 2

Note that y and X]» Xp» X3, and x4 are identical for both the stagnation
point and tangency point models.

Coefficients were determined for each of the five materials at both the
stagnation point and the tangency point. A summary of pertinent information
about the curve fit is presented in Table J1.

The coefficients stored in Subroutine THERML were determined for a
nominal two-stage Saturn V ascent trajectory to a 100 nautical mile orbit.
If the subroutine is to be used for trajectories which differ greatly from this
trajectory it would be adviseable to determine a new set of coefficients based
on thermal data for the new trajectory. The linear models used in Subroutine
THERML will probably be valid for a wide range of trajectories.

J-6
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APPENDIX K
GENERAL INSTABILITY ANALYSIS OF
HONEYCOMB SANDWICH CYLINDERS

by

B. O. Almroth, member
Solid Mechanics Laboratory
LMSC Research Laboratories
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GENERAL INSTABILITY ANALYSIS OF
HONEYCOMB SANDWICH CYLINDERS

Summary
In the establishment of the general instability load for a

sandwich shell, the practical method of analysis which was recommended in
Ref. 1 is used. This method uses the classical buckling load as an upper
bound and the minimum postbuckling load as a lower bound to the critical
load of the shell. An empirical reduction factor is applied to the upper
bound in such a manner that the critical load will not fall below the lower
bound. For the case of pure axial compression upper as well as lower bound
analyses are available in Ref. 2. The classical buckling load analysis is
modified here to include the effects of lateral pressure but the reduction

factor has been chosen in a more expedient manner.

Classical Buckling load

For sandwich cylinders under pure axial compression it was found in
Ref. 3 that buckling can occur either in an axisymmetrical or in a nonsymmetri-
cal mode, the former being critical for cylinders with weaker cores. It may be
shown that the critical axial load corresponding to symmetrical buckling is
independent of the lateral pressure. On the other hand the nonsymmetrical
buckling load is reduced in the presence of an external pressure. According

to Ref. 2, for the symmetrical pattern:
N o= (L+F)k+1/(h) - b7z + (1/8)]

Here N 1is to be minimized with respect to the wavelength parameter 2z .
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After addition of the influence of external pressure, we have for the non-

symmetrical buckling mode:

(1 + P)(1 + 85)%/(up%/m) + (B3/M)/(1 + %)

ﬁ =
+ (b5 + uca)/(49°/T) + s,/(88%/M) - B/8°
where
B, = 2[Bab§ + pzcg + 2vppbc, + 2(1 - v)(b2 + u802)2
+ h[b23(2 -v 4+ 32) + czu{l + (2 - v)Be}]
b, = -88%/01/@) + 4p°] (1)
by = - B(L+ BOL/(@N) + (1 - v)upY/L/@N) + (1 - v)uB® + u)
(1/(@) + 1- v + p°} - g®)
ey = - (1+B)/@N) + 2 - vI/E/(EN) + (2 - v) up® + )

{1/(E) + 1 - v + 87} - "]

The nonsymmetrical buckling load is found through minimization of N
with respect to the-wavelength parameters T and B . These parameters can
only taeke on the specific values which correspond to an integer value for the
number of waves in the circumferential and the number of halfwaves in the
axial direction. However, we will only apply here the restriction that the

axial halfwave length cannot be larger than the shell length. That is

2
M s ofp
where, for equal face sheets

o = ne\/i—-vz Rh/L2
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In the computer program the symmetrical buckling load is first determined.
The equation aﬁ/az = 0 1is solved by use of the Newton-Raphson method. As

initial estimates for 2z are used

Jl/(z-ha) if G< .5

Z =
[1 4F if G = .5

It appears that the Newton-Raphson method would be most efficient whenever
reasonably close estimates are available. In the procedure of optimization
close estimates are generally available in the form of previous solutions.

In such cases the Newton-Raphson method is used directly. However, when a

new case is started close initial estimates are not available and the procedure

is modified as follows. The initial estimates are

2o if w21

1 if o<1
These estimates are improved by use of the steepest descent method before
they are used in the Newton-Raphson method. If during iteration T becomes
less than a/82 this indicates that buckling will be with one halfwave in the
axial direction. Consequently we set 1T = 0/82 end minimize with respect to
B only. After minimization the proper value of N is computed and the
classical buckling load is chosen as the lowest of the symmetrical and non-

symietrical buckling loads.

Reduction Factor

Inclusion of lateral pressure in the lower bound analysis would be a
major undertaking and was not considered necessary for the purpose of this

study. For monocoque cylinders it was shown in Ref. 3 that the ratio between

K-4
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lower and upper bound increases when an internal pressure is added. It

seems reasonable to assume that this is the case also for sandwich cylinders.
It is well known also that for cylinders under external pressure the agreement
between theory and test is much better than it is for cylinders under axial
compression. Consequently it seems safe to assume that a conservative esti-
mate of the reduction factor will be obtained if the effect of lateral
pressure is neglected. It is expected that the shells in this investigation
will be primarily subjected to axial compression and thus the conservatism
involved will be moderate.

When the effects of lateral pressure are neglected, the ratio Nmin/NcL
may be obtained from Ref. 2. A number of values of Nmin/ch are read from
the curves of that analysis and stored in the computer. These values corre-
spond to different shell parameter combinations in such & manner that inter-
mediate results can be obtained easily through interpolation.

According to Ref. 1:

N N
Ne = Doy [Nmin +e(l - Nmin)]
cd cl

vhere
_ - 0.12
¢ % 7588

1.0 for (R/t)e <33

(2)

6.h8/[(R/t)e] for (R/t)e > 33

For equal face sheets

(R/t), = RAVES + 3n°



LMSC/HREC A712573

Nomenclature
R mean radius of cylinder
E Young's modulus of face sheets
v Poisson's ratio of face sheets
t thickness of face sheets
h distance between midplanes of face sheets
Gl shear modulus of core in axial direction
G2 shear modulus of core in circumferential direction
Lx. Ly axial and circumferential half-wave lengths
P external pressure
N axial compressive load per unit width
N RN(L - v2)L/2/(2Ent)
— 2 2 1/2
P Rop(1 - v2)/2/(Ent)
2

F (t/h)°/3 /
G 1/2(E/Gl)(t/R)(l - t/n)(1 - v2) Y2
m G, /Gy
o 11'2(1 - v° 1/2(Rh/L2)

‘ 2

z B=/n
8 z)/zx

2 2.\1/2

1 (1 - v )l/ (Rh/Li)

min/ch ratio between lower and upper bounds for critical load
c see Eq. 2
0} see Eq. 2
b.,» b,

lc 23 see Eq. 1

2" "2

(®/e), B2+ 3l
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Subroutine Symbols

CRG1

Gl

Ge

RD

T1, Te

XNU

eritical buckling line load (pounds/in)

Young's modulus of facing sheets

Effective shear modulus of core in axial direction

Effective shear modulus of core in circumferential direction
distance between midplanes of sandwich facing sheets

optional control; used to speed up calculations for classical

buckling load if desired

collapse pressure (psi); burst pressure is entered as

negative quantity
cylinder mean radius
thicknesses of face sheets
cylinder length

Poisson's ratio of facings material
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